Background: Many clinical studies have demonstrated the survival benefits of oxaliplatin-based chemotherapy for advanced hepatocellular carcinoma patients. Therefore, we aim to evaluate the efficacy and safety of oxaliplatin-based chemotherapy in patients with advanced hepatocellular carcinoma by conducting a meta-analysis of prospective studies.
Introduction
Primary hepatic carcinoma is one of the most common malignant digestive system tumors, and hepatocellular carcinoma accounts for 90% of its pathological type. Hepatocellular carcinoma is the sixth most common malignant tumor and the second leading cause of cancer-related mortality worldwide. [1] The prognosis of hepatocellular carcinoma is particularly dismal due to the high degree of malignancy, insidious onset, rapid progress, and the likelihood of invasion and metastasis. In addition, treatment options are often limited because often patients also present with hepatitis and cirrhosis. Most patients have middle-and advanced-stage disease when they are diagnosed with hepatocellular carcinoma, and complete surgical resection is often precluded because of early dissemination of tumor. Potential palliative care includes percutaneous ablation, hepatic artery intervention, and/or systemic chemotherapy in these patients; however, the palliative abilities of these strategies for preserving quality of life and survival are very limited. Local ablation and intervention are only feasible in a considerable portion of patients. Therefore, the development of an effective systemic regimen for hepatocellular carcinoma is still a major challenge.
Currently, the only approved systemic therapy for the treatment of hepatocellular carcinoma is sorafenib according to 2 phase III randomized controlled trials (RCTs). [2, 3] These 2 studies have confirmed the survival benefits of sorafenib among patients with advanced hepatocellular carcinoma in different regions, but some patients were not good candidates for this treatment due to the low objective response rate (ORR), unobvious improvement in tumor-related symptoms, unsatisfactory survival benefits, lack of appropriate predictive factors for treatment response, difficulty in selecting appropriate patients, or the high cost of the drug.
Since the early 1950s, many traditional chemotherapy drugs including 5-fluorouracil (5-FU), adriamycin (ADM)/epirubicin (EADM), cisplatin, mitomycin C, and etoposide have been successively applied in the treatment of hepatocellular carcinoma. Previous studies have shown that the ORR is only 0% to 10% when a single cytotoxic agent is used. [4] Moreover, the obvious adverse events often offset their clinical benefits. In addition, the quality and results of studies may be affected by the scientific development of the time and the level of clinical research. Therefore, there is a lack of sufficient and powerful evidence to support the survival benefits of systemic chemotherapy for advanced hepatocellular carcinoma. In recent years, a series of new-generation chemotherapeutic drugs, including oxaliplatin, gemcitabine, and capecitabine, has been widely used. The high efficiency and low toxicity achieved in the treatment of gastric and pancreatic cancer greatly inspired new systemic chemotherapy for advanced hepatocellular carcinoma. [5] The EACH study for the first time proved that oxaliplatin-based systemic chemotherapy is effective and safe in the treatment of Asian patients with advanced hepatocellular carcinoma. [6] Many subsequent studies also demonstrated the survival benefits of oxaliplatin-based chemotherapy for hepatocellular carcinoma patients. However, the baseline characteristics of patients may affect the efficacy and safety of oxaliplatin-based chemotherapy in the treatment of advanced hepatocellular carcinoma.
Here, we carried out a meta-analysis using all available prospective studies to evaluate the efficacy and safety of oxaliplatin-based chemotherapy in the treatment of advanced hepatocellular carcinoma.
Methods

Search strategy
This meta-analysis was conducted according to the criteria of the preferred reporting items for systemic reviews and meta-analyses statement. [7] A comprehensive literature search was carried out using the Pubmed, Cochrane Library, Embase, and Web of Science databases from their inception to June 2016. Potentially relevant studies were retrieved using the following search items: hepatocellular carcinoma OR hepatocellular cancer OR primary liver cancer OR primary hepatic cancer AND oxaliplatin. No language restrictions were applied. In addition, we also manually searched references cited in the original studies or review articles to identify any additional relevant studies.
Inclusion and exclusion criteria
The following inclusion criteria for retrieved studies were applied: (1) study design: prospective cohort study or RCT; (2) study population: patients with advanced hepatocellular carcinoma confirmed by clinical findings and/or pathological lesions and a life expectancy of 2 months or more; (3) interventions: oxaliplatin-based chemotherapy; chemotherapeutic agents must have been terminated at least 4 weeks before study entry or other antitumor treatments; (4) outcome measures: reporting of ORR and progression-free survival (PFS) or overall survival (OS); and (5) safety outcomes: incidences of grade 3/4 hematological and nonhematological toxicities. The grade of toxicity was assessed according to the Common Toxicity Criteria v2.0 of the National Cancer Institute (http://ctep.cancer.gov/reporting/ctc.html).
Studies were excluded if they: (1) were reviews, case reports, retrospective studies, or repeated publication of data; (2) involved <30 patients; (3) were written in any language but English; and (4) presented incomplete basic data or were of low quality.4
Defining outcomes and follow-up
ORR is defined as the proportion of all treated patients who had a best objective tumor response of either complete response (CR) or partial response (PR) after treatment. PFS is defined as time from randomization to the first occurrence of disease progression or death from any cause of a cancer-related event. OS is defined as the time from randomization to death from any cause, censoring patients who did not die at the date last known alive.
Data extraction and quality assessment
Two authors (ZYH and HL) independently abstracted the following data from each included study using a standardized form: name of the first author, year of publication, region of study conducted, study design, sample size, median age of the patients, Child-Pugh A, disease stage, chemotherapy regimens, ORR, median/1-year OS, median/1-year PFS, and numbers of main grade 3/4 toxicities (neutropenia, thrombopenia, anemia, neurotoxicity, diarrhea, and nausea/vomiting). Any disagreement in the data extraction was resolved by consultation with the third author.
The methodological quality of the included RCTs was evaluated in accordance with the guidelines in the Cochrane reviewers' handbook. [8] The Newcastle-Ottawa Scale (NOS) was used to assess the quality of a prospective cohort study. [9] The scale consists of 3 items, including patient selection, comparability of the study groups, and outcome assessment. Total NOS scores range from 0 to 9. Studies with a score > 6 points were considered to be of high quality.
Statistical analyses
All the analyses were conducted using STATA statistical software (version 12.0). Risk ratios and 95% confidence intervals (CIs) were computed for outcome measures as dichotomous outcomes.
Hazard ratios were summarized to analyze the time-to-event data as outcomes. The heterogeneity of the pooled effect sizes across studies was tested by the Cochrane Q test and I 2 -statistic. If P < 0.05 on the Cochrane Q test or I 2 was >50%, a random effects model was selected; otherwise, a fixed-effect model was preferred for homogeneous outcomes. Potential publication bias was tested using funnel plots, Begg's rank correlation, [10] and Egger's linear regression test. [11] Subgroup analysis was performed according to the geographical region (Asian vs Western). The t test was used to analyze the differences between the 2 subgroups. A P of <0.05 was judged to indicate statistical significance.
Ethics: Ethical approval was not necessary as this study is a systematic review and meta-analysis.
Results
Search results
Our initial literature search yielded a total of 112 potentially relevant papers. Of these, 62 presenting duplicated records were removed. After screening of the titles and abstracts, 23 papers were excluded. After reviewing the full-text manuscripts, 17 papers were further excluded. Thus, 10 studies were included in the final quantitative analysis. [6, [12] [13] [14] [15] [16] [17] [18] [19] [20] A flowchart describing the selection process is presented in Fig. 1 .
Baseline characteristics
The characteristics of the included studies are listed in Table 1 . The 10 studies were published between 2006 and 2015. Nine of the included studies had a single-arm design, and 1 study was an RCT. [6] A total of 525 patients with advanced hepatocellular carcinoma received oxaliplatin-based chemotherapy across the 10 studies. The sample sizes in individual studies ranged from 32 to 184 patients. The median age ranged from 49.53 to 68 years. Patients in 9 studies did not receive any systemic chemotherapy, [12] [13] [14] [15] [16] [17] [18] [19] [20] whereas 20.65% patients had completed systemic chemotherapy before 4 weeks in 1 study. [6] The chemotherapy regimens included FOLFOX4, [6] GEMOX alone, [15, 19] or in combination with cetuximab, [12] bevacizumab, [18] sorafenib, [20] XELOX, [13, 14] or in combination with bevacizumab, [16] or oxaliplatin plus doxorubicin. [17] The patients continued sorafenib as maintenance therapy after receiving treatment with GEMOX plus sorafenib in 1 study. [18] The number of cycles ranged from 2 to 8.7. There were 6 studies in Asian patients, [6, 14, [17] [18] [19] [20] and 3 studies in Western patients. [12, 13, 15] Only 1 study enrolled both Asian and Western patients. [16] The methodological quality of the included studies is described in Table 2 . One RCT reported the detailed method of randomization and lost follow-up but none reported allocation concealment. [6] Of the prospective studies, the representativeness of the cases in 4 studies was poor.
Pooled ORR
All the included studies reported the ORR, including the complete remission rate and partial remission rate. As shown in Fig. 2A , heterogeneity across 10 studies was significant (I 2 = 69.1%, P=0.001), and the pooled ORR was 14.4% (95%CI 9.2-19.6%) in the random effects model. Evidence of publication bias was observed based on asymmetrical funnel plots (Fig. 2B ) and Egger's linear regression test (P = 0.002) but not on the Begg's rank correlation test (P = 0.152).
Subgroup analyses indicated that the pooled ORR was 13.9% (95%CI 6.8-21.0%) in Asian patients and 12.8% (95%CI 6.8-18.7%) in Western patients (Fig. 3) . The t test indicated that there was no significant difference in this value between the Asian and Western subgroup (P = 0.867). In addition, the pooled ORR was 16.8% (95%CI 5.6-27.9%) with the GEMOX regimen and 15.1% (95%CI 5.1%-25.1%) with the XELOX regimen. There was no significant difference between GEMOX and XELOX regimen subgroup (P > 0.05).
Pooled PFS and OS
Seven studies reported median PFS or 1-year PFS data. [6, 12, 13, 15, 16, 18] Nine studies reported median OS or 1-year OS data. [6, [12] [13] [14] [15] [16] [17] [18] 20] The pooled median PFS and OS were 4.7 and 9.4 months, respectively. The pooled 1-year PFS was 19.3% (95%CI 10.4-28.1%; I 2 = 77.7%, P < 0.001) in a random effects model (Fig. 4A) . The pooled 1-year OS was 35.7% (95%CI 27.5-43.9%; I 2 = 65.2%, P = 0.005) in a random effects model (Fig. 4B) . There was evidence of publication bias for the 1-year PFS and OS according to the symmetrical funnel plots, Begg's Figure 1 . Flowchart of study selection process for meta-analysis. In Asian patients, [6, 14, [17] [18] [19] [20] the pooled median PFS and OS were 4.2 and 9.2 months, respectively. The pooled 1-year PFS was 12.5% (95% CI 0-25.9%) in 2 studies (Fig. 5A) , [6, 18] and the pooled 1-year OS was 30.5% (95%CI 19.6-41.4%) in 4 studies (Fig. 5B) . [6, 14, 16, 18] In Western patients, [12, 13, 15] the pooled median PFS and OS were 4.7 and 9.5 months, and the pooled 1-year PFS (Fig. 6A ) and 1-year OS (Fig. 6B) were 19.6% (95%CI 12.8-26.3%) and 42.4% (95%CI 33.5-51.4%) in a fixed effects model, respectively. There was no significant difference in the 1-year PFS or OS between Asian and Western patients (P > 0.05).
Incidences of main grade 3/4 hematological and nonhematological toxicities
The most often reported grade 3/4 hematological and nonhematological toxicities were neutropenia, thrombopenia, anemia, neurotoxicity, diarrhea, and nausea/vomiting. As shown in Table 3 , the pooled incidences of grade 3/4 adverse events were 17.2% (95%CI 10.4-24.1%) for neutropenia, 9.2% (95%CI 6.7-24.1%) for thrombopenia, 6.0% (95%CI 4.0-8.1%) for anemia, 4.8% (95%CI 1.6-7.9%) for neurotoxicity, 3.1% (95% CI 1.6-4.7%) for diarrhea, and 1.8% (95%CI 0.6-3.1%) for nausea/vomiting. Both the Begg's rank correlation and Egger's linear regression test indicated publication bias in pooled grade 3/ 4 toxicities. Subgroup analyses indicated that the pooled incidences of grade 3/4 neutropenia, thrombopenia, anemia, neurotoxicity, diarrhea, and nausea/vomiting were 19.2% (95%CI 9.8-28.6%), 7.7% (95%CI 5.0-10.3%), 6.0% (95%CI 4.0-8.1%), 1.0% (95%CI 0-2.0%), 2.7% (95% CI 1.1-4.3%), and 1.6% (95% CI 0.2-3.0%) in Asian patients, whereas the corresponding incidences in Western studies were 14.7% (95%CI 1.1-28.3%), 18.2% (95%CI 11.7-24.8%), 7.2% (95%CI 2.8-11.7%), 8.0% (95%CI 3.3-12.7%), 16 .0% (95%CI 6.0-26.0%), and 2.9% (95%CI 0-6.3%), respectively. t Tests showed that there were significant differences in the incidences of thrombopenia, neurotoxicity, and diarrhea (P < 
Discussion
We identified 10 prospective studies investigating the efficacy and safety of oxaliplatin-based chemotherapy in 525 patients with advanced hepatocellular carcinoma. The selected studies had obvious clinical heterogeneity mainly due to differences in the countries or ethnic groups of participants, study design, intervention, or statistical methods. We tested the presence and degree of heterogeneity by the Cochrane Q test and I 2 -statistic. When significant heterogeneity was observed, we adopted a random effects model. Moreover, we also made a subgroup analysis to explore the potential source of heterogeneity in order to ensure the accuracy of statistical analysis.
The major findings of this meta-analysis were that the ORR, median PFS, and OS were 14.4%, 4.7 months, and 9.4 months, respectively. The clinical efficacy was not inferior to that of sorafenib, which demonstrated that oxaliplatin-based chemotherapy was effective in the treatment of advanced hepatocellular carcinoma. Specifically, except for a 17.2% incidence of neutropenia, the incidences of other grade 3/4 toxicities were low, and death events were rare. There may be geographical variation in the distribution of hepatocellular carcinoma in Asian and Western countries. Subgroup analysis showed that there were no significant differences in the efficacy of oxaliplatin for the treatment of hepatocellular carcinoma between the Asian and Western patients. However, we could not determine the best oxaliplatin-based chemotherapy regimen due to the lack of significant differences in the clinical efficacy between the FOLFOX and XELOX regimens. Because evidence of publication bias was detected in some variables analyzed, these results of our findings may be biased.
At present, sorafenib is the only approved standard treatment for medically fit patients with advanced hepatocellular carcinoma, and its use was supported by high level, evidence-based medicine. However, patients who received sorafenib monotherapy only achieved a relatively low ORR and limited survival benefits. Nevertheless, a series of new molecular target drugs including sunitinib, everolimus, erlotinib, axitinib, linifanib, and brivanib have failed to further improve the survival time compared to sorafenib among patients with advanced hepatocellular cancer in randomized phase III trials. [21, 22] As for the intrinsic resistance and/or acquired drug resistance of hepatocellular cancer cells, the clinical efficacy of conventional cytotoxic drugs was not satisfactory among patients for systemic chemotherapy. [23] [24] [25] A series of combination chemotherapies based on the first-generation platinum drug PDD has been applied in the treatment of hepatocellular carcinoma, but its efficacy was not satisfactory, and severe toxicities in particular were observed. [26] [27] [28] [29] Oxaliplatin, a third-generation cisplatin analog, has more broad antitumor activity, based on rapid and stronger inhibition of DNA replication through the formation of DNA-platinum macromolecular adducts in cancer cells. [30, 31] In recent years, a multicenter, open-label, randomized, phase III (EACH) study in an Asian region involved 371 patients who had advanced hepatocellular carcinoma, and the patients were randomly assigned to the FOLFOX4 or doxorubicin group. [6] In the FOLFOX4 group, the median OS, median PFS, and ORR were 6.40 months, 2.93, months, and 8.15%, respectively. However, in the doxorubicin group, the median OS and PFS and ORR were 4.97 and 1.77 months and 2.76%, respectively. Subgroup analyses revealed that FOLFOX4 treatment was associated with greater median OS, [32] median PFS, and ORR compared with doxorubicin in Chinese patients. The EACH study for the first time demonstrated that FOLFOX4 has a certain ORR as well as better survival benefits for the treatment of advanced hepatocellular carcinoma. These findings not only subvert the traditional concept but also change the current situation of the lack of standard systematic chemotherapy for the management of advanced hepatocellular carcinoma.
A well-designed systematic review and pooled analysis summarized the benefits of oxaliplatin-based chemotherapy in advanced hepatocellular carcinoma in patients not exposed to sorafenib. [5] Thirteen prospective or retrospective case series and phase II or III clinical trials that enrolled advanced hepatocellular carcinoma patients treated with first-line oxaliplatin-based chemotherapy were included in this review. The pooled ORR, median PFS and OS were 16.8%, 4.2 and 9.3 months, respectively. The median PFS, OS, and 1-year OS were 4.5 months, 11 months, and 42.3% in Western patients, respectively. Conversely, the median PFS, OS, and 1-year OS were 2.43 months, 6.47 months, and 30.5% in Asiatic patients. This study highlighted that Asian and Western patients had different outcomes when treated with oxaliplatin-based systemic chemotherapy. However, in our meta-analysis, we only included prospective studies in order to reduce selection bias. Additionally, studies that involved <30 patients were also excluded from the analysis. Overall, the pooled ORR, median PFS, and OS were similar to those reported by a previous systematic review. However, there was no significant difference in the clinical efficacy including ORR, PFS, and OS between the Asian and Western patients in our study.
Although oxaliplatin-based chemotherapy achieved a high incidence of ORR and benefits of PFS and OS, a major concern for both patients and physicians is the potential for adverse events caused by the chemotherapy regimen. This meta-analysis Table 3 Grade 3/4 hematological and nonhematological toxicities of the included studies. suggested that the most often reported grade 3/4 adverse events were neutropenia (17.2%), thrombopenia (9.2%), anemia (6.0%), neurotoxicity (4.8%), diarrhea (3.1%), and nausea/vomiting (1.8%). It should be noted that the toxicity assessment in our meta-analysis was not stable due to obvious publication bias. Liver cirrhosis and hepatic dysfunction obviously increased the risk of adverse events, because several chemotherapeutic drugs are metabolized through the liver. However, oxaliplatin was demonstrated to offer well tolerable hepatic toxicity in patients with hepatic dysfunction. [33] Several potential limitations of the present study should be recognized. First, most of included studies had a single-arm prospective design because RCTs of oxaliplatin-based chemotherapy for the treatment of advanced hepatocellular carcinoma have not been widely carried out, which might affect the reliability of our findings. Second, the relatively small sample size of the included studies may have been the cause of some selection bias and diminished the statistical power of effect estimates. Third, significant heterogeneity was observed in the main analysis across studies, and the dosage and composition of the chemotherapy regimen may be the sources of heterogeneity. Fourth, our study cannot determine a better or optimal companion agent for an oxaliplatin-based chemotherapy regimen due to the limited number of publications available on the use of oxaliplatin in combination with different chemotherapy agents. Finally, this meta-analysis was based on study-level data; we could not determine the prognostic factors associated with relief and clinical benefits because of a lack of patient-level information.
Conclusion
This meta-analysis suggested that oxaliplatin-based chemotherapy may achieve a certain response rate and survival benefits in the treatment of advanced hepatocellular carcinoma in both Asian and Western patients. In addition, oxaliplatin-based chemotherapy appeared to be safe and well-tolerated. Moreover, the efficacy and safety of oxaliplatin-based chemotherapy need to be further verified in direct comparisons with sorafenib or systemic chemotherapy combined sorafenib in RCTs with large sample sizes.
